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Abstract 
At the present time, reliability and stability of electric power have been very important when it comes to 
electrical systems in any plants, especially in terms of distribution.  Phoenix Pulp & Paper PCL (PPPC) in Khon 
Kaen, Thailand, is currently generating electric power about 90% of its current needed by themselves and buys the 
rest from Provincial Electricity Authority (PEA).  Nonetheless, the protection system should be installed to protect 
the electrical bus when electrical generating process trips or breakdown.  Otherwise, it would cause the shutdown of 
electrical system and lose all manufacturing.  To protect electrical system, PPPC therefore has to use load shedding 
system for cutting the connection of the machines from the system within few minutes.  Power flow of electric power 
from 115 kV PEA to 11 kV via 2 transformers of 115 kV/11 kV and PPPC’s 3 generators are studied in this research 
by setting the real electric power (P), reactive electric power (Q), current (I) and voltage (V) in the protection relay of 
load shedding system of 11 kV switchboards.  In addition, motor control panel, simulated by SKM Power Tools 
program, is investigated in this research work.  The simulation results: P, Q, I and V will be divided into 4 cases: the 
trips from TG-PUC, TG2, TG3 (in-house generation) and the one from PEA.  In the case that there is a trip from PEA 
electrical distribution, P, only generated from the first three generators in house, will be insufficient to cover the 
plant’s electric need and require around 6,512 kW more.  As a result, the machines would have to be stopped running.  
However, if there is a trip from its in-house generation (TG-PUC, TG2 and TG3) instead, some P can be directly 
received from PEA.  Thus, the load shedding scheme is important to protect the blackout system from electrical 
system’s trip in distribution.  
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  Phoenix Pulp & Paper PCL (PPPC), located in Khon Kaen, Thailand, is pulp and paper 
manufacturer that uses Eucalyptus as raw material.  Bark and waste from a pulp process, will be taken to 
the boiler for the electricity process for its own usage.  Currently, the plant has three generators: 
Generator 1 (TG-PUC), Generator 2 (TG-2) and Generator 3 (TG-3) resulting the apparent electric power 
of 12.025, 26.50 and 36.71 MVA, respectively.  In addition, there is 115 kV from Provincial Electricity 
Authority (PEA) converted to 11 kV via the two of 25 MVA transformers connected in parallel. 
  According to the record, three generators of the plant had frequently made unexpected 
breakdown and also shut down maintenance machine at the same time.  Furthermore, the electric power 
from PEA at 115 kV was often shut down as well, and that would also cause the shutdown to the whole 
plant, because all three generators are not able to generate the electricity just in time.  In 2013, there were 
the breakdown for TG-PUC, TG-2, TG-3 and PEA of 6, 18, 12 and 9 times, respectively.  In 2014, there 
were the breakdowns for TG-PUC, TG-2, TG-3 and PEA of 5, 12, 10 and 11 times, respectively.  As a 
result, the machine was severely damaged due to a breakdown and it required high costs to resume the 
pulp and paper production and time for maintenance. 
 Currently, PPPC is finding ways to block off bus power system by installing the load shedding 
system [1] calculating the flow of electrical current and load flow in the system [2],[3], using SKM Power 
Tools program to calculate values that have to be set up with power protection system (relay protection 
system) [4], cutting the electricity to the stopped or less important machines in the production process to 
prevent the breakdown for all power systems along the way and to stabilize the electricity in the plant [5]. 
 Accordingly, the load flow in the power system to resolve all breakdowns (blackout) is analyzed 
by the SKM Power Tools.  In addition, ways to improve the reliability of the power system and to prevent 
the damage from the machines are investigated. 
 
Nomenclature 
PPPC Phoenix Pulp & Paper PCL 
PEA Provincial Electricity Authority (Thailand) 
P Electric power (W) 
Q Reactive power (VAR) 
I Current (A) 
2. Background Theory 
2.1. Power Flow Equations and Gauss-Seidel Theory [6] 
Power flow in bus loop – electric power (P), reactive power (Q) and voltage (V) in each bus and 
three generators connected to bus are calculated by Gauss-Seidel theory.  For calculation, we firstly 
choose and set the unknown quantity values, followed by setting each iterative.  The calculation will 
continue until those quantities in acceptable range. 
 
The voltage of ݅௧௛ bus is 
                                                                              
                                                                                      
  where ji z         (1) 
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The real power of ݅௧௛ bus is  
 ௜ܲ ሺ௞ାଵሻ ൌ ܴܧቄ ௜ܸ
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The reactive power of ݅௧௛ bus is 
ܳ݅ሺ݇൅ͳሻ ൌ െܫ݉ ቄܸ݅
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݆ൌͲ ቃቅ where ji z          (3) 
௜ܸ is the voltage of ݅௧௛bus, ௜ܳ  is the reactive power of ݅௧௛bus, ௜ܲ  is the real power of ݅௧௛ bus, ݕ௜௝ is the 
admittance between ݅௧௛  bus and ݆௧௛ , ௜ܲ௦௖௛  is the net real power of ݅௧௛  bus and ܳ௜௦௖௛  is the net reactive 
power of ݅௧௛ bus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 Gauss-Seidel simulation diagram [7] 
2.2. Load Shedding System [8] 
The purpose of having load shedding system is to measure the power flow of electricity in 
system, to protect electrical system blackout from generator.  Basically, load shedding schemes will select 
load that uses the low electric power and unimportant load for stopping operating.  Reliably, electric 
power must be on the level safely supplied and sufficiently delivered by generators when selected load is 
disconnected.  
Load shedding schemes will be selected for each or all generators breakdown or no electricity 
from PEA.  The electrical system cannot supply power to all loads that will cause the system blackout.  
The analysis of the possibility for generators and distribution of the electricity in blackout case is very 
important to prevent from unexpectedly dangerous situation.  
 
 
Yes 
Is a swing node? 
More calculation? 
݇ ൐ ݇௥௘௙? 
௠ܸ௔௫ ൑ ௥ܸ௘௙? 
Yes 
No 
Yes 
No 
END 
݇ ൌ ݇ ൅ ͳ 
Calculate the biggest tolerance ௠ܸ௔௫  
START 
Read input data 
Give node voltage initial value 
݇ ൌ Ͳ (Iteration value) 
Calculate node voltage 
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3. Simulations 
  The real power, reactive power, current and voltage of the bus loop are analyzed by SKM Power 
Tools program.  Measurement data recorded from real power at loads are shown in table 1.  Power and 
current should not be over the limitation of each device as shown in table 2.  PPPC’s transformers are 
connected with PEA electrical distribution, and the bus loop is connected to each bus by cable tie as 
shown in figure 2. 
Table 1. Bus load (in kW) and current (in A). 
Bus A B C,D E F G 
Load (kW) 10,654 12,521 9,510.3 4,232.2 14,500 2,772.6 
Current (A) 760 813 593 237 910 168 
Table 2. Power (in MW) and current (in A) limit in each electrical device. 
Device 
TR 
101 
TR 
102 
TG-
PUC 
TG-2 TG-3 
Bus tie 
A-E 
Bus tie 
B-C, D 
Bus tie 
C, D-G 
Bus tie 
A-B 
Bus tie 
E-F 
Load (MW) 22.0 22.0 7.756 15.50 23.34 17.5 21.5 16.2 21.5 26.0 
Current (A) 1,725 1,725 1,016 1,600 2,000 1,200 1,650 1,240 1,650 2,000 
 
 
Fig. 2. Electrical bus loop of PPPC. 
4. Results and Discussions 
  In this paper, there are four cases of simulated data from SKM Power Tools program: three cases 
for each generator trip and one case for PEA trip.  Load flows including P, Q, I and V are different from 
normal case (no trip).  The P and I should not exceed the P and I limitation of generators and 
transformers.  
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P, Q, I and V of each main transformer, three generators and bus tie are shown in table 3.  
Symbols of +/- are power flow out and in of bus tie, respectively.  In the normal case, the total load is 
about 54,190 kW.  For each in-house generator trip, the P from PEA will replace for tripping generator.  
Nevertheless, all generators supply power total around 47,678 kW divided to TG-PUC 7,756.00 kW, TG-
2 15,500.00 kW and TG-3 24,429.80 kW for PEA trip case.  The V in all cases is not changed from 
normal case (11 kV) because the generator can control voltage.   
 
Table 3. Real power, reactive power, current and voltage in normal case, PEA trip, TG-PUC trip, TG-2 trip and TG-3 trip simulated 
by SKM Power Tools program.  
 
 NOMAL CASE PEA TRIP 
Real Power 
(kW) 
Reactive 
Power 
(kVAR) 
Current 
(A) 
Voltage 
(V) 
Real Power 
(kW) 
Reactive 
Power 
(kVAR) 
Current 
(A) 
Voltage 
(V) 
PEA 5,608.53 1,229.67 28.86 115,000     
TG-PUC 7,756.00 5,817.00 529.06 11,000 7,756.00 5,817.00 550.33 11,000 
TG-2 15,500.00 9,606.04 9,94.76 11,000 15,500.00 9,606.04 1,034.71 11,000 
TG-3 25,340.00 16,301.82 1,644.25 11,000 24,429.80 5,653.37 799.31 11,000 
Bus tie A-E -6,607.25 -7,119.12 530.04 11,000 -4,159.09 -2,025.49 262.60 11,000 
Bus tie C,D-G -4,983.37 -4,474.12 365.47 11,000 -4,983.36 -4,474.11 380.16 11,000 
Bus tie B-C,D 1,733.32 221.25 95.36 11,000 2,903.04 -110.68 164.91 11,000 
Bus tie A-B -1,240.07 -1,291.46 97.71 11,000 -519.96 -1,913.65 112.57 11,000 
Bus tie E-F 14,500.00 8,217.84 909.54 11,000 4,830.04 2,737.32 315.15 11,000 
 
 TG-PUC TRIP TG-2 TRIP 
Real Power 
(kW) 
Reactive 
Power 
(kVAR) 
Current 
(A) 
Voltage 
(V) 
Real Power 
(kW) 
Reactive 
Power 
(kVAR) 
Current 
(A) 
Voltage 
(V) 
PEA 13,414.59 7,704.42 78.02 115,000 21,244.36 12,686.97 125.17 115,000 
TG-PUC     7,756.00 5,817.00 553.97 11,000 
TG-2 15,500.00 9,606.04 1,020.71 11,000     
TG-3 25,340.00 16,301.82 1,687.17 11,000 25,340.00 16,301.82 1,721.65 11,000 
Bus tie A-E -6,607.23 -7,119.09 543.87 11,000 -6,607.20 -7,119.06 554.98 11,000 
Bus tie C,D-G 2,772.61 1,342.84 172.51 11,000 -4,983.36 -4,474.11 382.68 11,000 
Bus tie B-C,D 5,623.66 3,127.76 360.33 11,000 -5,991.18 -4,584.14 431.06 11,000 
Bus tie A-B 2,650.54 1,615.33 173.81 11,000 6,530.71 3,504.30 423.49 11,000 
Bus tie E-F 14,500.00 8,217.86 933.28 11,000 14,500.00 8,217.87 952.36 11,000 
 
 
TG-3 TRIP 
Real Power 
(kW) 
Reactive 
Power 
(kVAR) 
Current 
(A) 
Voltage 
(V) 
PEA 27,564.54 18.969.23 169.85 115,000 
TG-PUC 7,756.00 5,817.00 568.08 11,000 
TG-2 15,500.00 9,606.04 1,068.06 11,000 
TG-3     
Bus tie A-E 15,082.59 7,113.98 977.17 11,000 
Bus tie C,D-G -4,983.36 -4,474.11 392.42 11,000 
Bus tie B-C,D -9,076.86 -6,900.35 668.11 11,000 
Bus tie A-B -12,049.43 -8,411.96 861.96 11,000 
Bus tie E-F 10,850.23 6,149.18 730.80 11,000 
 
Table 4 shows the load loss in each bus from the normal case: bus A, B, C-D, E, F and G about 
10,654.0, 12,521.6, 9,510.3, 4,232.2, 14,500.0 and 2,772.6 kW, respectively.  In PEA trip case, three 
generators cannot generate enough P.  So, load shedding must shed the load in bus A, B and C-D about 
1,478, 450 and 4,585 kW, respectively. In TG-3 trip case, electrical power is loss 3,650 kW that shed the 
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load in bus F to protect the electric power system blackout.  In TG-PUC and TG-2 trip case, the load in 
each bus is enough for running generators from PEA. 
Table 4. Total loss load (in kW) in each case. 
 
BUS 
Load 
Normal 
(kW) 
PEA TRIP TG-PUC TRIP TG-2 TRIP TG-3 TRIP 
Load 
(kW) 
Load loss 
(kW) 
Load 
(kW) 
Load loss 
(kW) 
Load 
(kW) 
load loss 
(kW) 
Load 
(kW) 
load loss 
(kW) 
A 10,654.0 9,176.0 1,478.0 10,654.0 0.0 10,654.0 0.0 10,654.0 0.0 
B 12,521.6 12,071.6 450.0 12,521.6 0.0 12,521.6 0.0 12,521.6 0.0 
C,D 9,510.3 4,926.3 4,584.0 9,510.3 0.0 9,510.3 0.0 9,510.3 0.0 
E 4,232.2 4,232.2 0.0 4,232.2 0.0 4,232.2 0.0 4,232.2 0.0 
F 14,500.0 14,500.0 0.0 14,500.0 0.0 14,500.0 0.0 10,850.0 3,650.0 
G 2,772.6 2,772.6 0.0 2,772.6 0.0 2,772.6 0.0 2,772.6 0.0 
5. Conclusions 
  In summary, the load shedding of PPPC simulated by SKM Power Tools program is investigated 
load flow in bus loop to protect the blackout of electrical system.  There are four cases: three cases of 
generator trips and one case of PEA trip for this study.  In the normal case, load power is about 54,190 
kW. For PEA trip case, three generators cannot generate enough P, therefore load shedding must shed 
load in bus A, B and C-D out of 1,478, 450 and 4,584 kW, respectively. In TG-3 trip case, electrical 
power is loss 3,650 kW that shed the load in bus F. In case of TG-PUC and TG-2 trip cases, the electrical 
power will be compensated and charged by PEA.  That is why PPPC must have load shedding scheme 
when main transformer (TR101 and TR102) or PEA cannot supply electric power to load for protection 
of the electrical system blackout.  Therefore, the method of load shedding is such an appropriate method 
for power management on all electrical systems. 
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